Carbonic anhydrase (CA) is a metalloenzyme which catalyses the convention of carbon dioxide to carbonate and hydrogen ions.
Benzenesulfonamide derivatives have been developed as enzyme inhibitors for CA. In this study, we have synthesized zinc porphyrin having a benzenesulfonamide moiety (ZnPPSA) and reconstituted it into apoMb. ZnPPSA was synthesized via seven steps and ZnMbSA was successfully obtained by cofactor reconstitution of ZnPPSA to apoMb. The absorption spectral change of ZnMbSA in addition of CA suggests the formation of ZnMbSA-CA complex. Interactions between ZnMbSA and CA are discussed. Department of Chemistry, Graduate School of Science, Nagoya University, Nagoya 464-8602, Japan. 2 Research Center for Materials Science, Nagoya University, Nagoya 464-8602, Japan. 3 Organisch-Chemisches Institut, Westfälische Wilhelms-Universität, 48149 Münster, Germany. yoshi@nucc.nagoya-u.ac.jp Protein-polymer conjugates have recently received increased attention [1] . Activity and structure of such biohybrid materials can be modulated as a function of the polymer attached. In the present study, we prepared a thermo-responsive conjugate consisting of a blue copper protein, azurin (Fig. 1a) and thermo-responsive polymer, poly-(N-isopropylacrylamide) (PNIPAM) according to the procedure shown in Fig. 1b . Electron transfer between the conjugate (Azu-PNIPAM) and redox partner, cytochrome c (Cyt c) showed significant change in the reaction rate at the morphology transition point (32°C) of PNIPAM, which is not observed for azurin wild type. Analysis on the reaction rates with Azu-PNIPAMs having different chain length revealed that the longer PNIPAM provided the more apparent change in the reaction rate presumably due to the more drastic change in the morphology.
P204
DNA binding by photo-controllable zinc finger peptide Akiko Nomura, Akimitsu Okamoto Advanced Science Institute, RIKEN (The Institute of Physical and Chemical Research), Wako, Saitama 351-0198, Japan. a-nomura@riken.jp The Cys2His2-type zinc finger motifs repeatedly appear in eukaryotic transcription factors, and they help proteins bind to the DNA duplex in a sequence-specific fashion. Each finger comprises approximately 30 amino acids and independently folds into the bba conformation, stabilized by a zinc ion. Zinc finger motifs have been utilized to create artificial functional proteins/peptides owing to the relatively short amino acid sequence, the well-known structure, and functions. Herein, we prepared a new artificial zinc finger peptide that has an azobenzene unit at the N-terminus to change its structure and function upon photo-irradiation. The azobenzene-appended zinc finger peptide was synthesized through a conventional Fmoc method. Modification at the N-terminus is structurally simple and synthetically easy, and will not affect the structure and function of the zinc finger motifs. The zinc finger domains recognize a particular target DNA sequence through two parts of interactions: contacts between nucleic bases and the a-helix region and polar interactions between the phosphate DNA backbone and the amino acid residues in the linker and b-sheet regions. Since the former plays a crucial role in sequence-specific recognition, modification of the a-helix region may cause undesired non-specific DNA binding. To avoid this, we have introduced an azobenzene unit at the N-terminus of the linker region of tandem zinc finger motifs. Spectroscopic studies indicated that the artificial peptide was capable of folding upon zinc binding and that photo-isomerization of the azobenzene unit did not hamper the a-helix folding. Herein, we will also report the photo-controlled binding of the artificial zinc finger peptide to the target DNA in detail. and Met 69 were replaced to Asp and Ala, respectively, to introduce the active center of peroxidase to the heme cavity. V49D/M69A retains thermostability comparable to the wild type and exerts the better enzymatic activity than myoglobin H64D variant which is an engineered protein known to show a highest enzymatic activity among artificial peroxidases. Kinetic analysis for V49D/M69A revealed that the Asp 49 serves as an acid-base catalyst, conforming rationality of the molecular design furnished to Cyt c 552 . EPR analysis for a series of Tyr and Trp variants showed that oxoferryl-porphyrin + Tyr 45 radical is a dominant active species in the peroxidase reaction by V49D/M69A. Based on this finding, additional molecular engineering aiming the higher enzymatic activity is in progress. 
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Enhancement of thermostability of Hydrogenobacter thermophilus cytochrome c 552 through stabilization of heme active site Kiyofumi Irie, Hulin Tai, Shigenori Nagatomo, Yasuhiko Yamamoto Department of Chemistry, University of Tsukuba, Tsukuba 305-8571, Japan. irie.fcb@dmb.chem.tsukuba.ac.jp Thermophile Hydrogenobacter thermophilus cytochrome c 552 (HT) and mesophile Pseudomonas aeruginosa cytochrome c 551 (PA) are small monoheme-containing electron transfer proteins, which are composed of 80 and 82 amino acid residues, respectively. The two proteins exhibit high sequence identity (56%), and their main-chain folding is almost identical to each other. But HT is more stable to heat than PA. A detailed comparison of the protein interior between them highlighted sizable differences in packing among amino acid side chains in the protein interior, and site-directed mutants of PA, for which amino acid substitutions were selected with reference to the corresponding residues in HT, exhibited thermostabilities between those of the two proteins. We extended our efforts to stabilize protein of HT by amino acid substitutions in order to create proteins even more thermostable than HT.
Val30 is a conserved residue in both HT and PA, and is located near heme. We found that the substitution of Val30 by Ile results in increasing thermostability of protein in a fashion that denaturation temperature of oxidized HT, i.e. 108.8°C, is elevated by *4°C in the V30I mutant. Val30 is located in hydrophobic core of the protein and V30I mutation is likely to improve packing among amino acid side chains in the core near heme. This finding demonstrated that amino acid substitutions which stabilize heme active site of cytochrome c increase its thermostabilities (Fig. 1) . The purpose of this work was to synthesize water-soluble binuclear tetranitrosyl iron complex with penicillamine-ligand of natural origin containing sulfur (Fig. 1) . Its ability to release NO and antiproliferation activity in vitro in water solutions were studied and hypotensive properties were estimated. The kinetics of NO generation of complex in solid state (using mass spectroscopy method) and in water solutions (by means of a ''amiNO-700'' sensor produced by ''inNO-T'' (USA) and by mass spectrometric analysis of solutions) were studied. Here also the results of a study that has revealed the special role DNA plays in these reactions will be presented: not only does DNA confer chirality to the reaction in a sequence dependent fashion, it also causes rate accelerations of up to two orders of magnitude [5] . We present a catalyst that is capable of C-H proton abstraction at neutral pH in a selective and calcium-dependent fashion. The activity has been achieved by placing a glutamic acid residue in a hydrophobic environment thus increasing the effective pK a of the carboxylate. We have chosen calmodulin (CaM), a eukaryotic calcium sensor and signal transducer, as the scaffold. The CaM scaffold provides the binding pocket for the substrate and, importantly, a switchability of the function, i.e. the desired activity occurs only in the presence of Ca 2+ . The designed enzyme, based on the single mutation in the CaM hydrophobic core, accelerates Kemp elimination by at least four orders of magnitude. Further modification around the de novo created active site which enhances the activity even more. Department of Chemistry, Graduate School of Science and Research Center for Materials Science, Nagoya University, Nagoya 464-8602, Japan.
2 RIKEN SPring-8 Center, Harima Institute, Hyogo 679-5148, Japan. yoshi@nucc.cc.nagoya-u.ac.jp Biocatalysts have been of much interest in organic synthesis because of their high catalytic activities and stereoselectivities. The use of biocatalysts is sometimes limited due to their high substrate specificity. Although rational protein design by site-directed mutagenesis has been demonstrated to be an effective method to change the substrate specificity of enzymes, it is impossible to always obtain desired mutants. In addition, preparation and purification of mutants are still a time-consuming process. Here, we report a simple method to change the substrate specificity of cytochrome P450 BSb (P450 BSb ) using decoy molecules (carboxylic acids), a fake molecule of its substrate [1] . Interestingly, the enantioselectivity of sulfoxidation of thioanisole was also altered by changing the decoy molecules. With heptanoic acid as a decoy molecule, the R-isomer of the sulfoxide was obtained as the main product (29% ee). On the other hand, when p-methylphenylacetic acid was used as decoy molecule, the S-isomer was obtained (24% ee).
P211
Electronic structure, properties and modulation of iron displacements in a saddle distorted porphyrin macrocycle and implications for the hemoproteins Sankar Prasad Rath* and Ranjan Patra Department of Chemistry, Indian Institute of Technology Kanpur, Kanpur 208016, India. sprath@iitk.ac.in A rare family of five and six-coordinated high-spin Fe(III) porphyrins incorporating axial ligands is synthesized and structurally characterized which demonstrates, for the first time, step-wise metal displacements in a single distorted macrocyclic environment that has generally been seen in many biological systems. The introduction of four nitro groups into the meso-positions of octaethyl porphyrin provides an interesting modulation of the macrocycle properties, which enables the facile isolation of 'pure' high-spin FeIII(tn-OEP)Cl, FeIII(tn-OEP)(MeOH)Cl and FeIII(tn-OEP)(OH 2 ) 2 .
ClO 4 in excellent yields in a saddle distorted macrocyclic environment. Moreover, the addition of axial ligand L to FeIII(tn-OEP)Cl in air immediately auto reduce to air-stable FeII(tn-OEP)(L) 2 which also exhibits the hallmarks of a ferric porphyrins in the solid. The porphyrin core is least distorted in FeIII(tn-OEP)(H 2 O) 2 .
ClO 4 with highest core size (2.061Å ) while the core is highly distorted with lowest core size (1.962Å ) in FeII(tn-OEP)(3-Cl-py) 2 thus authenticates a significant and unprecedented core expansion of 0.1Å in the series. [1] . Activity and structure of such biohybrid materials can be modulated as a function of the polymer attached. In the present study, we prepared a thermo-responsive conjugate consisting of a blue copper protein, azurin (Fig. 1a) and thermo-responsive polymer, poly-(N-Isopropylacrylamide)(PNIPAM) according to the procedure shown in Fig. 1b . Electron transfer between the conjugate (Azu-PNIPAM) and redox partner, cytochrome c (Cyt c) showed significant change in the reaction rate at the morphology transition point (32°C) of PNIPAM, which is not observed for azurin wild type. Analysis on the reaction rates with Azu-PNIPAMs having different chain-length revealed that the longer PNIPAM provided the more apparent change in the reaction rate presumably due to the more drastic change in the morphology. [2] that make them attractive candidates for active site re-design of iron-sulfur proteins. We have synthesized and purified the molybdenum-sulfur analogue of the ferredoxin from Pyrococcus furiosus. Mass spectrometric studies of the purified products have confirmed the successful incorporation of the molybdenum-sulfur cluster into the protein. Two closely related species have be purified and investigated by UV-visible spectroscopy, mass spectrometry and EPR spectroscopy. The EPR studies suggest stabilization of multiple oxidation states of the molybdenum-sulfur cluster by the protein. Fig. 1 a Whole structure of azurin; b introduction of PNIPAM to azurin. Replacement of His117, one of the Cu ligands in azurin, opens the coordination site for PNIPAM attached the imidazole group to the terminal extension of this work, we have successfully modified the DFsc scaffold to incorporate a third active site His residue, similar to that found in the natural oxygenase, AurF. Our 3-His DFsc enzyme successfully binds Fe, activates dioxygen, and possesses the ability to catalyze the oxidation of p-anisidine to an azobenzene adduct. This work represents one of the first examples of a de novo designed metalloenzyme in which fine tuning of the active site cavity successfully altered the catalytic functionality.
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